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BOLIDE  OF  1004  JULY  Ift,  A.M.S.  No.  2384 

Bv  Charles  P.  Olivier 

yarbertk,  Pennsj^vania 


..  Abstract 

Over  sixty  visual  observations  of  an  unusually  bright  bolide,  sighted  over  British 
Columbia  on  July  10,  1004,  0:44  p.m.  P.S.T.,  have  been  analysed  to  determine  the 
approximate  parabolic  path  of  the  object. 


SOMMAIRE 

Plus  de  soixante  observations  visuelles  d'un  bolide  p.Trticuli&rement  brillant  apper^u 
dans  le  ciel  de  la  Colombie  Britanntque  le  10  juillet  1064  A 0:44  p.m.  heure  norniale  du 
PaL'ifique,  ont  4t4  analys4es  pour  determiner  la  trajectoire  parabolique  approximative 
de  I'objet. 


* * 


On  July  19»  1064,  at  9:44  p.m.  P.S.T.,  an  unusually  brilliant  bolide  was 
sighted  over  British  Columbia  and,  moving  in  a general  south-easterly 
direction,  ended  over  Washington.  Mr.  P.  F.  Brogan,  regional  director 
for  the  American  Meteor  Society,  began  collecting  reports  at  once  from 
residents  in  the  states  of  Oregon  and  Washington.  Eventually  these  were 
sent  to  the  writer,  who  belatedly  attempted  to  calculate  the  path. 
However,  it  became  evident  that  sighting  reports  from  Canada  would 
vastly  assist  in  the  solution,  hence  Dr.  P.  M.  Millman  of  the  Meteor 
Centre,  National  Research  Council,  Ottawa,  was  asked  for  assistance. 
He  promptly  supplied  over  30  Canadian  reports  as  well  as  a drawing  of  a 
preliminary  projected  path,  derived  by  Prof.  W.  F.  Slawson,  University 
of  British  Columbia,  Canada,  from  observations  he  had  collected.  Three 
reports  were  received  from  the  U.S.  Air  Force,  so  that  over  60  observa- 
tion's with  varying  degrees  of  accuracy  were  available. 

The  stations  w'erc  plotted  on  a specially  prepared  map  of  the  region, 
and  azimuth  lines  were  drawn  for  the  directions  in  which  the  bolide  was 
first  and  last  observed  from  each  station.  As  always  there  were  great 
divergencies  but  fortunately  the  Canadian  observer  at  longitude  122**  59' 
W.,  latitude  40**  13'  N-,  saw  it  begin  at  a Ursae  Majoris  and  cross  over 
6 Aquilae — actually  it  went  much  further.  This  observation  gave  funda- 
mental points  on  the  path  and  a very  fine  projected  path  since  it  passed 
almost  through  his  zenith.  Several  other  Canadians  saw  it  near  their 
zeniths  and  could  tell  on  which  side  it  passed.  These  observations  con- 
firmed the  above  projected  path.  The  sub-end  point  was  based  mostly 
on  American  reports  and  a large  proportion  of  these  gave  estimated 
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attitudes.  One  Canadian  gave  the  path  plotted  among  the  stars,  but  his 
calculated  altitudes  could  not  be  reconciled  with  other  observations  used 
to  define  the  path.  To  derive  the  heights  of  the  beginning  and  end  points 
of  the  path  was  very  difficult.  First,  it  is  well  established  that  most  casual 
observers  greatly  over-estimate  altitudes  if  these  arc  more  than  15®  or  20®. 
In  this  case  some  very  distant  observers  gave  altitudes  of  30®  to  45® 
which  would  give  unreasonable  heights  and  contradict  nearer  and  ap- 
parently more  accurate  reports. 

The  heights  finally  adopted  are  the  result  of  a series  of  approximations, 
too  lengthy  to  describe  in  detail.  A vertical  plot  was  made  of  many 
intermediate  points  as  well  as  the  beginning  and  end  points.  (One  inter- 
mediate point  was  almost  certainly  taken  for  the  end  point  by  many 
observers  since  a great  outburst  of  brilliancy  took  place  there.)  A line 
was  then  drawn  which  conformed  as  well  as  possible  to  these  various 
points.  This  choice  is  confirmed  by  the  statement  from  many  observers 
that  the  path  was  almost  or  exactly  horizontal.  The  adopted  heights  of 
beginning,  end,  and  the  intermediate  burst  point,  are  given  in  the  table. 
On  account  of  the  great  length  of  path,  an  error  of  a few  kilometres  will 
have  little  effect  on  the  radiant  point  and  the  orbit.  This  latter  can  be 
considered  to  have  a greater  accuracy  than  the  heights.  The  opinion  of 
most  observers  was  that  the  colour  w'as  either  blue,  white  or  green,  or  a 
combination  of  these  colours  and  blue-green  is  probably  correct.  The 
bolide  was  very^  brilliant  with  the  zenithal  magnitude  at  least  —12;  even 
for  distant  observers  the  brightness  is  given  as  that  of  the  quarter  moon. 

In  deriving  the  duration  of  flight,  estimates  were  omitted  of  those 
observers  who  stated  that  they  saw  only  part  of  the  path.  In  addition, 
one  of  60  seconds  was  left  out  as  being  much  too  discordant;  Indeed  it 
may  conceivably  refer  to  the  train,  though  statements  as  to  the  latter 
are  few  and  contradictory'  and  most  observers  apparently  saw  none.  The 
duration  of  from  3.5  to  5 seconds  given  by  many  observers  indicates  that 
they  saw  only  part  of  the  path  or  underestimated  duration,  but  these 
values  were  included.  There  were  several  bursts;  one  observer  states 
there  were  six.  It  is  unfortunate  that  no  report  was  received  from  the 
region  near  the  end  point,  but  that  part  of  Washington  is  sparsely 
populated.  If  our  end  height  is  nearly  correct,  any  chance  of  recovering 
meteorites  is  small  despite  the  bolide's  unusual  brightness.  The  parabolic 
orbit  which  follows  shows  direct  motion  and  an  inclination  of  8®,  which 
is  reasonable  if  the  bolide  came  from  the  asteroidal  zone. 

1964  July  19.74 
265* 

I.ong.  124*  08'  \V.,  Ut.  50*  05'  N.  at  89  km. 


Date 

Sidereal  time  at  end 
Began  over 
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Bolide  of  196^  July  19,  AM^.  No.  23S4 

Burst  over  Long.  121*  16'  W..  Ut.  47*  57'  N.  at  68  km. 

Ended  over  l-ong.  1 19*  34'  \V„  I.at.  46*  35'  N.  at  54  km. 

Projected  path  _ 507  km. 

Path  * 1™- 

Duration  8-0  ± 4.2  sec.  (32  oboervatlons  used) 

Observed  velocity  62  ± 32  km./sec.  (very  uncertain) 

Radiant  uncorrected  o “ 140  ±2,5™  4.0  ^ 2* 

Curvature  correction  —2  .3 

Zenith  correction  — 4*.9 

Corrected  radiant  o **  140  , i “ “3  2 

tM  - 132".3.  4 - +29*j0 

X - 126*.8,  e - -M0*.8 

Parabolic  orbit  » * 8 

O - 117* 

T - 227* 
q ~ 0.68  A.U. 

This  bolide  has  been  assigned  No.  2384  by  the  American  Metco 

Socicitv*  * f 

The  «riter  expresses  his  most  sincere  thanks  to  Dr.  Mlllman  for  b 

Kcneiously  lending  the  thirty-odd  Canadian  reports;  any  solution  wouk 
have  been  very  uncertain  without  these.  We  also  wish  to  thank  Mi 
Brogan,  whose  personal  work  is  responsible  for  most  of  the  Amenca; 
repi^s,  and  the  US.  Air  Force  tor  their  co-operation.  LasUy.  we  than, 
more  than  SO  individuals  who  made  the  observations  and  ^k  the  Um 
to  report;  without  such  co-operation  the  calculation  of  orbits  would  b 

impossible. 


I 


DEPARTMENT  OF  Tiit  AIR  FORCil 
STAFF  -'SSSAGl  SRANGI 


UNCLASSIFIED 


i':?  IM  ; 19043  (20  Jul  64)  G?/bfb 
ACTIONS  NIN-7 

U\-?0  ; XOP-1,  XOPX-5^  3A?-0S-3,  DIA-15  (32) 

3N3  31 jS 


PAGE  1 oT  2 


Qa355ZC3J.A225 
PP  PUAAHC 


PUWHK?  11  20/2047Z 


ZNR 

..  ■ 

P 2021 35Z 

F^'  P0AD3  AO  AIR  AFS  OREGON 

TO  RUl/uALI/.AlR  DEFENSE  COMMAND  ENT  AFB  COLORADO 
RUVJH3H/25  AIR  DIV  MCCH3R0  AF3  WASHINGTON 

w 

R'JG033/AIR  TECHNICAL  INTELLIGENCE  CNETER  WRIGHT  PATTERSON  AF3  OHIO 
RjEAH3/ HEADQUARTERS  USAF  WASHINGTON 
RUEAHQ/3ECRETARY  OF  THE  AIR  FORCE  WASHINGTON 
3T 

* 

UNCLAS  POODC-I  20-G-5 

FOR  AFCIN-HQ  USAF;  SAFOI  - SECRETARY  OF  THE  AIR  FORCE.  UF03 
REPORT.  THE  FOLLOWING  UFOS  IS  FORWARDED  IN  ACCORDANCE  WITH  AFR 

2 00-2:  Part  i. 

«■ 

1.  ACFT  AT  FIRST  AND  THEM  ROCKET  SHAPED. 

2.  PENCIL. 

3.  RED  and  green  WITH  WHITE  LIGHT  BETWEEN. 

A.  ONE  OBJECT. 

5.  NOT/ APPLICABLE. 

6,  APPEARED  TO  3E  AIRCRAFT  THEM  ASSUMED  APPEARANCE  OF  A ROCKET. 


f 


incoming 

f-, MESSAGE  ■ 


* -^“1. 
rar 


DEPAiir.MENT  OF  TM£  AlH  FORCE 
STAFF  MESSAGE  BRANCH 

3rSTCr^  (20 


UNCLASSIFIED 


PA02  2 2 


PAGE  2 RUWHKH  11-  UNCLA3 
7.  HAD  EXHAUST  TAIL 


NO  SOUND. 


3.  M/A. 
pa:^t  II. 


2 . 


LRIGHTNESS, 

355  DEGREES 

ELEV , 

S3 3 DEGREES 

E LEV , 

3S5  DEGREES 

TO  030 

ABRUPT, 

5 SECONDS. 

PART  III 


1 . .visual  GRD 


PART  IV. 

1.  23/35432 


2 >3IGHT. 

3.  1 mile  south  of  ALBANY  OREGON 
PART  V.  JAY  CROOK,  STATE  POLICE. 

PART  VI,  WEATHER:  CLEAR  VIS/15  MILES,  WINDS  270  DEGREES  AT 
5 TO  13  KMCT3,  TEMP  67  DEGREES, 

PART  VII.  rating  assigned  IS  F-6, 


ET 

HOTS:  ADVANCE  COPY  DELIVERED  TO  DIA  & NIN 


” ¥Ofl.  - 


o C» 


INCOMING 

f.icSSAGE 


DEPARTMENT  OF  THE  A!R  FORCE 
STAFF  McSSAGc  DRANCH 


M J [ I f\  \ ^ * r ' " 

J I I ^ ^ L i VOv>  * i 1 — 


A?  IN  : 24720  (24  Jul  64)  M/aah 


I>l 


1?0  : NIN-7,  XOP-1,  XOBX-5^  SAfOS-37  DIA-15.  SMB-1  (33) 


Sr!  3 Ail)  1 3 


Pg  1 Of  2 


SUSPFiCTID  OUPLICATB 
CiiQA332lC3JA43  3 


PP  PU2AH3 


ZJJP  ZFH-l 


VV 


H7A996 


?P  P’JCDSl  7UZAH3  RU'jJGALI  rtC’.vH3H 
Z7j  ?tU'J:iSHZ  . 


W 


H£A963 


?P  RUCDSa  aUiARQ  RUWGALE 
DZ  RUWH5H2  2 23/3331 Z 


? a 233333Z 


?'A  S3o  RADAR  33  CONDOM  Ar3  0R3 
TO  auCOSa/AFSC  bright  PATTZRSOM  AFB  OHIO 


INFO  aU2AH3/3A?  .JA3HDC 


.Tfll 
i I 'XS 
; ! 


I - 


I '.'.1 

TTil 


' I 


I ‘‘V 

I 

I r i'j  S’ 

7 

f '•*  I 

T I 

1 A 


■ ■ d I#  » * 

^ 33 


r/.  r 

r-n 
r?  v> 


■7l:f 


ay  i A HQ/ HQ  CO?!D  ySAF  WAS  HOC 
RUWGALE/ADC  ZNT  AFS  COLO 
RUWH3H/WT  AIR  DIV  HCCHORD  AFB  WASH 


oT 


I’XCLAS  6360AC-7-36. 

rOR  AFSC,  FTD.  INFO;  SAFOI,  U3AF,  hFCIN.  SOBJiCT  CUFO)  THIS 


oS3:aGZ  liJ  TWZU/Z  PARTS.  PART  I.  SPHERICAL  2.  3IZH:  OF  DL'li  AT 


ii  '* 


THE  AIR  FORCE 
j£  5RANCI-! 


INCOMING 

MESSAGE 


WHITE  LIGHT.  4.  ONE.  5,  N/A  6.  NON 


TRAILING  EXHAUST,  SMALLER  WHIT 


SPOT 


TRAILING  BEHIND  SEEN  B 


L lNOT  03SERVED  BY  MR  MCELLOGOTT.  8,  NONE  9,  EXCEPT 
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BOUDIi  or  H/Ol  JI  H,V  K',  A.^t  S.  N'^-  2.1S  t 

BvCn.\iu.i:s  I'.  Of-ivuiR 

Atisrt^Acr 

• f ..«  ...umitllv  liriuhl  1>’*'i<le,  siiilUftl  "ver  Eiriti.-ih 
Over  .isty  visu^ri  ob.crviUim.y.f  Aii  i ii  • • / ^ (|,,t„rmlne  the 

CulM.nbia  Oil  July  11*.  ll'l’-b  P-”'-.  ‘ ‘ " 

jxpproxI:tii*tcs  p4th  the  r»  ^Jt^  t. 

. ^ rt*uii  hoViA^  tvrticiiUf:riMr^nt  brilbnt  appe^^;^^ 

, '''":  ''■  rr  »r  un™^  *'  >’•'"•  '"' 

P..;.  di.rp,l..er  ,:.  ...r  app.n,i„,..i.. 

tit'  rohjet* 

Os-  fulv  I*'  IH-  ‘ O.  S):n  i'.S.T.,  ao  iimi.imlly  brilHant  boliile  w.is 

over  CnlimiUa  an«l.  movin'.^  in  a t-viu-ral  sruilh-enMcrly 

dip-clion,  cn-d.^>;  -.'.r  Wasl.invton.  Mr.  i‘.  b\  Brojian.  rcijional  clirrnrtor 

tor  the  Ameri.  ••-  Mcicnr  Society.  ho'A<tn  ro'lcchn?  repot ts  at  ooLe  from 

•dtlenti:  in  th--^  of  Oreiion  atul  WasliinKton.  Eventnally  these  were 

sent  to'  the  -.v-’-t,  who  hdaU'clly  aLten.i>tcd  to  - alailate  the  p.ith 

‘lowev->r  b •■••w.n  e evklont  that  siy;lit‘ing  reports  from  Cau.nla  would 

vlX  assis;  in  dae  .olulion,  lumcc  l>r.  Id  M-  Mllhnan  of  the  Meteor 

rViitr*  ''A’-  r ^,.1  -.oarch  Council,  Ottawa,  v.ms  asked  for  assistpinno. 

Me  promptly  s jPuued  ovt;r  :J0  Canadian  reports;  aj  wtdJ  ;is  a drawing  of  a 
Ml  promt  ^ derived  In-  Prof.  \V.  F.  Slawson,  t invennly 

I • j observation.;  he  had  collected.  Three 

he  u.s.  a.  core ..  thp.  ov.^ » 

tiFuis  with  var.inj  Jf>;rccs  acenmey  were  iivml.ibW. 

•h.e  Stafioni  '.vere  plotted  on  a pp-tiallv  prepare-!  o.ap  -of  he  re.,„„. 
and  aaimuth  lines  were  <lr, -.wn  tor  the  -lirectioni  in  winch  the  Iwl.-le  was 
iirst  ami  last  chserve-l  fro, a cad,  station.  ,\s  always  there  were  sr-oic 

divert-eacies  but  tortnnately  the  Cana, linn  r, I, server  at  lo.,g,t,.,le  --  m 
\V  latitude  13'  -N'..  saw  it  l.esl.,  at  a l.rsae  M.ijons  and  cro-«  over 
0-  Anuilae-actuaily  it  went  nn,ch  fnrther.  This  observatton  gave  fun.la- 
•ne,?tal  points  rn  the  path  and  a very  fine  projected  path  since  ,t  (..issed 
V.most  throu'h  his  aenith.  Several  olher  Canadians  saw  ,t  iw.ir  the.r 
-Ciths  and  could  tell  on  which  si.le  it  ,.assed.  These  observations  con- 
iireied  the  above  projeettsi  path.  'I'he  siili-eiid  pomt  was  b.iseil  mostly 
Anrerican  repi'ts’and  a larc.e  pro.ssrtion  ot  these  ,oive  est.nmt.l 
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u - = i Jc?.  One  CamdiniT  gave  the  path  plotted  among  the  stars,  byt  hJs 
e;  ..  .ij  ,;efi  rikiuiULs  could  not  he  reconciled  with  cil:er  obiervahons  u <tl 
to  ilic  path.  To  derive  the  heights  of  (i,e  beginning  and  .nd  point, 

ul  die  jjath  was  very  dihicult.  I irst,  ii  is  well  established  lliat  mo.n  c.isn.il 

uljseryersgrcaUyover-estinuiii-altltiiiii  sif  iIh  m*.iiv  inure  than  lo  oi  ,;o  \ 

ii  l 111  case  lOOic  \j  ( \ di-t.mt  ub:, avers  gave  allitiuhs  of  nU'  to  la"' 

•ameh  would  give  tiaria- heights  and  contradict  nearer  and  ap- 
parently more  acciu.tie  u pofib. 

The  heights  finally  adopted  are  the  result  of  a series  of  approximations 
too  lengthy  to  describe  in  detail.  A vertical  plot  was  made  of  many 
micrmediutt*  j:nnts  as  well  as  the  beginning  and  end  poiiits.  (One  itiier- 
mediate  point  was  alntost  certaittly  tahen  for  the  end  point  bv  "my 
observers  since  a great  imtlmrsi  of  brilliancy  tooh  place  ilure.)  A ih.e 
was  then  drawn  whicii  cimfonnal  as  well  ai  possible  to  tie  ,.c  vaih.ii  ,- 
points.  This  choice  is  conlirmtd  by  the  sialeniau  from  many  oi,..a 
mat  the  i?r.ih  was  almost  or  c.xactlj'  liorizontal.  The  adopted  h.elghts  of 
bee  inn.  tig,  end,  and  the  imtrmediate  burst  point,  are  given  in  the  table. 
On  account  of  the  great  length  of  patli,  an  error  of  a few  kilometres  will 
have  httle  effect  on  the  radiant  point  and  the  orbit.  This  latter  can  be 
censidered  to  have  a greater  accuracy  than  tltc  heights.  The  opinion  of 
niosr  obfcrvxTS  ivnj  iluit  the  colour  was  either  blue,  white  or  green,  or  a 
toinbination  o!  thvsc  colours  and  blne*grcen  is  jirobably  cor.''cct.  The 
buiiiie  was  very  b.nh.aai  with  the  zenithal  magnitude  at  least  —12;  even 
for  d>.tajii  observers  tlie  brightness  is  given  as  that  of  the  quarter  moon. 

in  deriving  the  diirntion  of  flight,  estimates  were  omitted  of  those 
ob.=ervers  who  stated  that  they  saw  only  part  of  the  path.  In  addition, 
one  of  t»0  tecoiult  was  Ic;t  out  as  being  much  too  discordant;  indeed  ft 
may  concciv-ably  reier  to  the  train,  ihougli  sintemeius  as  to  t!ic  latter 
ar*.  T w and  coiuradlctory  and  most  observers  apparently  saw  none.  The 
dij ration  of  from  3.5  to  5 seconds  given  by  many  observers  indicates  that 
they  saw  only  pari  of  the  path  or  undJrcstiinated  duration,  but  tliese 
values  Were  included.  There  were  several  bursts;  one  observer  states 
the, c e.''e  Ei.x.  It  is  unfortunate  that  no  report  was  received  from  the 
recinn  near  the  end  point,  but  that  part  of  Warhingion  is  sparsely 
jiojuJ.itcd.  !|  our  end  lieight  is  neatly  correct,  any  chance  of  recovering 
metciiriles  is  ‘■•mall  dc.-yitc  the  bolide's  unnsuai  brigluncss.  Tho  pLiraboIic 
orbii  wlnc-li  follows  shows  direct  morion  and  an  inclin.alion  of  S°,  winch 
: > rca.'-onable  if  the  bolide  came  f.''on;  tlic  asteroicial  zone. 
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12-i’  OS'  \v..  L.il.  50'  05'  at  H\)  krn. 
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liolifk  cj  lOGJ,  July  /.9,  ya,  3ilS4 


Burst  over 
Kntitd  over 
PribjecttM  jrtih 
["aitj 

I 'lit  tl 

* i i k 1 ' I * * I*  '*  tl  y 

Uailuitft  il'  it  V Uil 
C'lK  V .1  tui  Ia;1 

Voi  r*ii!ui.iii 


r.u:ibt*ltc  ojbic 


Lo'i;:.  12V  1C'  'u,,  i ir  57'  X.  at  GS  km. 

HU®  31'  VV,,  Lat,  'iZ'  N,  it  51  km. 
3U7  km. 

5^iU  km. 

? d:  -1,2  lit'c.  ^32  ob?er\^:iiicnF  ustxl) 

►'.f  ± 32  IcTiL/ncvT  (viry  tin) 

cf  = ! !U  i:  2\  n - i L'"  i 2 

^ * ii  "I 

aid 

- 

a = H0%  h = -3',2 

= 132‘.3,  i = +2‘JhO 

\ = 12G'.S,  0 * -i-l0*.8 

i = S” 

a = 117“ 

T = 227" 

q = 0.6S  7\.U. 


This  bolide  has  been  assigned  Ko.  2381  by  the  Americar,  Met 
Society. 

The  writer  e.xpresscs  his  most  sincere  thanks  to  Dr.  hbllman  for 
generously  lending  the  thirty-odd  Canadian  reports;  any  solution  wo 
have  beer.  \ery  uncertain  without  these.  \Vc  also  wish  to  thank  T 
Brogan,  wiic-aw  I’crsonal  work  is  responsible  for  n'.Oil  of  the  .■\mcri( 
repori.s,  and  tiie  U.S.  Air  I'orce  for  their  co-operation.  Lastly,  we  ih; 
more  than  t»0  individuals  who  made  llte  obsc-rvatveas  and  look  the  ti 
to  report;  without  such  co-operation  tlic  calculation  of  t>rbits  would 
iir. 
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